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(54) CURRENT-VOLTAGE CURVE SCAN METHOD FOR PHOTOVOLTAIC MODULE, AND 
OPTIMIZER

(57) An IV curve scan method for a photovoltaic mod-
ule and an optimizer are provided. The optimizer receives
an IV curve scan signal and controls an output voltage
of the photovoltaic module corresponding to the IV curve
scan signal to change from an open-circuit voltage to a
preset minimum voltage according to a preset rule, while
photovoltaic module connected to another optimizer can
still operate normally, so that the system can operate
normally. Then the optimizer uploads IV curve data of
the photovoltaic module corresponding to the IV curve
scan signal, to complete an IV curve scan on a single
photovoltaic module.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of photovoltaic power generation, and in particular
to a current-voltage (IV) curve scan method for a photo-
voltaic module, and an optimizer.

BACKGROUND

[0002] Global photovoltaic industry and solar energy
market grow rapidly due to an increasing global demand
on energy, a high cost of traditional energy sources, and
an increasing attention on environmental problems. De-
fects such as rosin joint and fracture are inevitably gen-
erated in producing and using a photovoltaic module,
which is a key element of a solar energy power generation
system in photovoltaic industry. Some defects are invis-
ible to human eyes, and have to be detected by means
of a dedicated device or method.
[0003] In conventional technologies, an IV tester is
generally used as a detection device. The IV tester de-
tects an electrical performance of the photovoltaic mod-
ule by performing a solar radiation simulation on the pho-
tovoltaic module to simulate an operation condition of the
photovoltaic module under the solar radiation. However,
the IV tester works in an offline detection way. After mod-
ules are put into use, a large-scale module detection can-
not be achieved, that is, operation statuses of the pho-
tovoltaic modules cannot be detected during the system
operation.
[0004] Additionally, for a photovoltaic system, there is
also an online detection method for detecting an IV curve
of a string using a photovoltaic inverter. With the method,
an IV curve for the entire string in a certain range can be
scanned by controlling a bus voltage. However, this so-
lution can only obtain the IV curve for the entire string,
while cannot obtain an IV curve for a single photovoltaic
module. Therefore, a fault in a certain photovoltaic mod-
ule cannot be detected with this solution.

SUMMARY

[0005] In view of the above, a current-voltage (IV)
curve scan method for a photovoltaic module and an op-
timizer are provided according to the present disclosure,
to address the issues in conventional technologies that
an operation status of a photovoltaic module cannot be
detected during the system operation and an IV curve
scan cannot be performed on a single photovoltaic mod-
ule.
[0006] In view of the above, the following technical so-
lutions are provided according to the present disclosure.
[0007] An IV curve scan method for a photovoltaic
module is provided. The IV curve scan method is applied
to an optimizer in a photovoltaic generation system. An
input end of the optimizer is connected to at least one

photovoltaic module. Output ends of multiple said opti-
mizers are connected in series with each other and then
connected to an inverter. The IV curve scan method for
the photovoltaic module includes:

receiving an IV curve scan signal;

controlling an output voltage of the photovoltaic mod-
ule corresponding to the IV curve scan signal to
change from an open-circuit voltage to a preset min-
imum voltage according to a preset rule, to complete
an IV curve scan; and

recording IV curve data of the photovoltaic module
corresponding to the IV curve scan signal.

[0008] Preferably, after the recording the IV curve data
of the photovoltaic module corresponding to the IV curve
scan signal, the IV curve scan method for the photovoltaic
module further includes:

comparing the IV curve data with feature data of a
preset IV curve, determining whether the IV curve
data is abnormal, and uploading an abnormity signal
if the IV curve data is abnormal; or

uploading the IV curve data.

[0009] Preferably, the preset rule is at least one of a
voltage decreasing rule with a fixed voltage difference,
a parabolic voltage decreasing rule and a voltage de-
creasing rule with a fixed duty ratio change rate.
[0010] An optimizer is provided. The optimizer is ap-
plied to a photovoltaic generation system. An input end
of the optimizer is connected to at least one photovoltaic
module. Output ends of multiple said optimizers are con-
nected in series with each other and then connected to
an inverter. The optimizer includes:

a direct current/direct current (DC/DC) converting
circuit, configured to control output power of the pho-
tovoltaic module connected to the optimizer;

a current sensor, configured to perform a detection
for acquiring an output current of the photovoltaic
module;

a voltage sensor, configured to perform a detection
for acquiring an output voltage of the photovoltaic
module;

a communication circuit, configured to receive and
forward an IV curve scan signal; and

a controller, configured to receive the IV curve scan
signal forwarded by the communication circuit, con-
trol the output voltage of the photovoltaic module cor-
responding to the IV curve scan signal to change
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from an open-circuit voltage to a preset minimum
voltage according to a preset rule to complete an IV
curve scan, and record IV curve data of the photo-
voltaic module corresponding to the IV curve scan
signal.

[0011] Preferably, the controller is further configured
to compare the IV curve data with feature data of a preset
IV curve, determine whether the IV curve data is abnor-
mal, and upload an abnormity signal via the communi-
cation circuit if the IV curve data is abnormal; or
the communication circuit is further configured to upload
the IV curve data.
[0012] Preferably, the communication circuit is a power
line carrier communication circuit or a wireless commu-
nication circuit.
[0013] Preferably, the current sensor is configured to
detect a current of an inductor in the DC/DC converting
circuit, and the controller is further configured to calculate
the output current of the photovoltaic module based on
the current of the inductor and a duty ratio of a switch
transistor between the inductor in the DC/DC converting
circuit and the photovoltaic module.
[0014] Alternatively, the current sensor is configured
to detect an output current of the DC/DC converting cir-
cuit. In this case, the optimizer further includes another
voltage sensor configured to detect an output voltage of
the DC/DC converting circuit; and the controller is further
configured to calculate power of the DC/DC converting
circuit based on both the output voltage and the output
current of the DC/DC converting circuit, and calculate the
output current of the photovoltaic module based on the
output voltage of the photovoltaic module in accordance
with a power balance principle.
[0015] Preferably, the optimizer further includes a first
diode and a first auxiliary power source.
[0016] An anode of the first diode is connected to a
positive electrode of the photovoltaic module, a cathode
of the first diode is connected to a positive electrode of
an input end of the first auxiliary power source, and the
first diode is configured to prevent the first auxiliary power
source from losing power as the voltage of the photo-
voltaic module decreases during the IV curve scan per-
formed by the optimizer.
[0017] A negative electrode of the input end of the first
auxiliary power source is connected to a negative elec-
trode of the photovoltaic module, and the first auxiliary
power source is configured to supply power to the opti-
mizer.
[0018] Preferably, in a case that a negative electrode
of an input end of the DC/DC converting circuit is con-
nected to a negative electrode of an output end of the
DC/DC converting circuit, and a positive electrode of the
input end of the DC/DC converting circuit is not connected
to a positive electrode of the output end of the DC/DC
converting circuit, the optimizer further includes a second
diode, a third diode and a second auxiliary power source.
[0019] An anode of the second diode is connected to

a positive electrode of the photovoltaic module, an anode
of the third diode is connected to a positive electrode of
the output end of the DC/DC converting circuit, and cath-
odes of the second diode and the third diode are both
connected to a positive electrode of an input end of the
second auxiliary power source.
[0020] A negative electrode of the input end of the sec-
ond auxiliary power source is connected to a negative
electrode of the photovoltaic module, and the second
auxiliary power source is configured to supply power to
the optimizer.
[0021] Alternatively, in the case that a positive elec-
trode of an input end of the DC/DC converting circuit is
connected to a positive electrode of an output end of the
DC/DC converting circuit, and a negative electrode of the
input end of the DC/DC converting circuit is not connected
to a negative electrode of the output end of the DC/DC
converting circuit, the optimizer further includes a fourth
diode, a fifth diode and a third auxiliary power source.
[0022] A cathode of the fourth diode is connected to a
negative electrode of the photovoltaic module, a cathode
of the fifth diode is connected to a negative electrode of
the output end of the DC/DC converting circuit, and an-
odes of the fourth diode and the fifth diode are both con-
nected to a negative electrode of an input end of the third
auxiliary power source.
[0023] A positive electrode of the input end of the third
auxiliary power source is connected to a positive elec-
trode of the photovoltaic module, and the third auxiliary
power source is configured to supply power to the opti-
mizer.
[0024] Alternatively, in the case that a negative elec-
trode of an input end of the DC/DC converting circuit is
not connected to a negative electrode of an output end
of the DC/DC converting circuit and a positive electrode
of the input end of the DC/DC converting circuit is not
connected to a positive electrode of the output end of the
DC/DC converting circuit, the optimizer further includes
a sixth diode, a seventh diode, an eighth diode, a ninth
diode and a fourth auxiliary power source.
[0025] An anode of the sixth diode is connected to a
positive electrode of the photovoltaic module, an anode
of the seventh diode is connected to the positive elec-
trode of the output end of the DC/DC converting circuit,
and cathodes of the sixth diode and the seventh diode
are both connected to a positive electrode of an input
end of the fourth auxiliary power source;
[0026] A cathode of the eighth diode is connected to a
negative electrode of the photovoltaic module, a cathode
of the ninth diode is connected to the negative electrode
of the output end of the DC/DC converting circuit, and
anodes of the eighth diode and the ninth diode are both
connected to a negative electrode of the input end of the
fourth auxiliary power source.
[0027] The fourth auxiliary power source is configured
to supply power to the optimizer.
[0028] Preferably, the optimizer further includes an en-
ergy storage circuit.
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[0029] The energy storage circuit is connected be-
tween the positive electrode and the negative electrode
of the input end of the first auxiliary power source, and
is configured to supply power to the first auxiliary power
source during the IV curve scan performed by the opti-
mizer.
[0030] It can be seen from the above solutions that, in
the IV curve scan method for the photovoltaic module
provided according to the present disclosure, after re-
ceiving the IV curve scan signal, the optimizer controls
the output voltage of the photovoltaic module corre-
sponding to the IV curve scan signal to change from the
open-circuit voltage to the preset minimum voltage ac-
cording to the preset rule, while the photovoltaic module
connected to another optimizer can still operate normally,
so that the system can operate normally. Then, the op-
timizer uploads the IV curve data of the photovoltaic mod-
ule corresponding to the IV curve scan signal, to achieve
the IV curve scan on the single photovoltaic module. Dif-
ferent optimizers perform the IV curve scans on the re-
spective photovoltaic modules in response to the corre-
sponding IV curve scan signals, thereby solving the prob-
lem in the conventional technologies that the operation
status of the photovoltaic module cannot be detected dur-
ing the system operation and the IV curve scan cannot
be performed on a single photovoltaic module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The drawings to be used in the description of
the embodiments or the conventional technology will be
described briefly as follows, so that the technical solu-
tions according to the embodiments of the present dis-
closure or according to the conventional technology will
become clearer. It is apparent that the drawings in the
following description only illustrate some embodiments
of the present disclosure. For those skilled in the art, other
drawings may be obtained according to these drawings
without any creative work.

Figure 1 is a flowchart of an IV curve scan method
for a photovoltaic module according to an embodi-
ment of the present disclosure;

Figure 2 is a flowchart of an IV curve scan method
for a photovoltaic module according to an embodi-
ment of the present disclosure;

Figure 3 is a flowchart of an IV curve scan method
for a photovoltaic module according to an embodi-
ment of the present disclosure;

Figure 4 is a schematic structural diagram of an op-
timizer according to an embodiment of the present
disclosure;

Figure 5 is a schematic diagram of a DC/DC con-
verting circuit according to an embodiment of the

present disclosure;

Figure 6 is a schematic structural diagram of a pho-
tovoltaic generation system according to an embod-
iment of the present disclosure;

Figure 7 is a schematic structural diagram of a pho-
tovoltaic generation system according to an embod-
iment of the present disclosure;

Figure 8 is a schematic structural diagram of an op-
timizer according to an embodiment of the present
disclosure;

Figure 9 is a schematic structural diagram of an op-
timizer according to an embodiment of the present
disclosure;

Figure 10 is a schematic structural diagram of an
optimizer according to an embodiment of the present
disclosure;

Figure 11 is a schematic structural diagram of an
optimizer according to an embodiment of the present
disclosure;

Figure 12 is a schematic structural diagram of an
optimizer according to an embodiment of the present
disclosure;

Figure 13 is a schematic structural diagram of an
optimizer according to an embodiment of the present
disclosure;

Figure 14 is a schematic structural diagram of an
optimizer according to an embodiment of the present
disclosure; and

Figure 15 is a schematic diagram of an application
of an optimizer according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0032] The technical solutions according to the embod-
iments of the present disclosure will be described clearly
and completely as follows in conjunction with the draw-
ings. It is apparent that the described embodiments are
only a few rather than all of the embodiments according
to the present disclosure. Any other embodiments ob-
tained by those skilled in the art based on the embodi-
ments in the present disclosure without any creative ef-
forts fall within the protection scope of the present dis-
closure.
[0033] An IV curve scan method for a photovoltaic
module is provided according to the present disclosure,
to address the issues in conventional technologies that
an operation status of a photovoltaic module cannot be
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detected during the system operation and an IV curve
scan cannot be performed on a single photovoltaic mod-
ule.
[0034] The IV curve scan method for the photovoltaic
module is applied to an optimizer in a photovoltaic gen-
eration system. An input end of the optimizer is connected
to at least one photovoltaic module. Output ends of mul-
tiple said optimizers are connected in series with each
other and then connected to an inverter. The IV curve
scan method for the photovoltaic module is shown in Fig-
ure 1 and includes steps S101, S103 and S104.
[0035] In S101, an IV curve scan signal is received.
[0036] In S103, an output voltage of a photovoltaic
module corresponding to the IV curve scan signal is con-
trolled to change from an open-circuit voltage to a preset
minimum voltage according to a preset rule, to complete
an IV curve scan.
[0037] In S104, IV curve data of the photovoltaic mod-
ule corresponding to the IV curve scan signal is recorded.
[0038] In a normal operation status of the photovoltaic
generation system, the optimizer operates normally and
outputs power to the inverter. When receiving an IV curve
scan signal sent by an upper computer or any intelligent
control device, the optimizer stops operating so that a
photovoltaic module corresponding to the optimizer is in
an open-circuit status. Then, the optimizer adjusts the
output voltage of the photovoltaic module from the open-
circuit voltage of the photovoltaic module to the preset
minimum voltage to complete the whole IV curve scan.
The preset minimum voltage may have a value of 0 Volt
or greater than 0 Volt. The IV curve data of the photo-
voltaic module is recorded after required by a sensor.
The IV curve data includes a voltage value and a current
value of each point in the IV curve scan.
[0039] Preferably, the preset rule is at least one of a
voltage decreasing rule with a fixed voltage difference,
a parabolic voltage decreasing rule and a voltage de-
creasing rule with a fixed duty ratio change rate.
[0040] In a practical application, depending on the pre-
set rule, the optimizer may control the output voltage of
the photovoltaic module to decrease from the open-cir-
cuit voltage to the preset minimum voltage gradually with
a fixed voltage difference (such as 0.5Volt), or according
to the parabolic voltage decreasing rule, or according to
a voltage decreasing rule with a fixed duty ratio change
rate. The parabolic voltage decreasing rule refers to that
the voltage decreases fast when close to the open-circuit
voltage of the photovoltaic module or the preset minimum
voltage, and decreases slowly when in an intermediate
portion of the range from the open-circuit voltage to the
preset minimum voltage. The voltage decreasing rule
with a fixed duty ratio change rate refers to that a con-
trolled duty ratio of the optimizer changes from an initial
value with a fixed step size. For example, the controlled
duty ratio increases from 0 to 1 with a fixed step size of
0.01. This method is an open-loop control which is simple
to be implemented. Therefore, the preset rule is not lim-
ited herein, as long as the whole IV curve scan can be

performed on the photovoltaic module according to the
preset rule. All possible preset rules are in the protection
scope of the present disclosure.
[0041] With the IV curve scan method for the photo-
voltaic module according to the embodiment, when the
optimizer controls its corresponding photovoltaic module
to perform the IV curve scan, a photovoltaic module con-
nected to another optimizer can still operate normally, so
that the system can operate normally. In addition, differ-
ent optimizers can perform IV curve scans on the respec-
tive photovoltaic modules in response to the correspond-
ing IV curve scan signals, thereby solving the problems
in the conventional technologies that the operation status
of the photovoltaic module cannot be detected during the
system operation and the IV curve scan cannot be per-
formed on a single photovoltaic module.
[0042] Preferably, based on Figure 1, the IV curve scan
method for the photovoltaic module further includes step
S105 after step S104, as shown in Figure 2.
[0043] In step S105, the IV curve data is compared
with feature data of a preset IV curve, it is determined
whether the IV curve data is abnormal; and an abnormity
signal is uploaded if the IV curve data is abnormal.
[0044] Alternatively, based on Figure 1, the IV curve
scan method for the photovoltaic module further includes
step S106 after step S104, as shown in Figure 3.
[0045] In step S106, the IV curve data is uploaded.
[0046] In addition, steps S101, S105 and S106 may
respectively include different operations depending on
different connection modes between the optimizer and a
terminal (a local monitoring device and/or an Internet
cloud).
[0047] In the case that the optimizer is in a wired con-
nection to the terminal, step S101 includes receiving an
IV curve scan signal, which is transmitted by the terminal
sequentially via a data collector and the inverter; step
S105 includes comparing the IV curve data with the fea-
ture data of the preset IV curve, determining whether the
IV curve data is abnormal, and uploading an abnormity
signal to the terminal sequentially via the inverter and the
data collector if the IV curve data is abnormal; and step
S106 includes uploading the IV curve data of the photo-
voltaic module corresponding to the IV curve scan signal
to the terminal sequentially via the inverter and the data
collector.
[0048] In the case that the optimizer is wirelessly con-
nected to the terminal, step S101 includes receiving, by
using a wireless communication technology, an IV curve
scan signal which is transmitted by the terminal via a
gateway; step S105 includes comparing the IV curve data
with the feature data of the preset IV curve, determining
whether the IV curve data is abnormal, and uploading an
abnormity signal to the terminal via the gateway by using
the wireless communication technology if the IV curve
data is abnormal; and step S106 includes uploading the
IV curve data of the photovoltaic module corresponding
to the IV curve scan signal to the terminal via the gateway
by using the wireless communication technology.
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[0049] In a practical application, the communication
mode between the optimizer and the Internet cloud may
be determined based on an application environment,
which is not limited herein. All possible communication
modes fall within the protection scope of the present dis-
closure.
[0050] An optimizer is further provided according to an-
other embodiment of the present disclosure. The opti-
mizer is applied to a photovoltaic generation system. An
input end of the optimizer is connected to at least one
photovoltaic module. Output ends of multiple said opti-
mizers are connected in series with each other and then
connected to an inverter. Referring to Figure 4, the opti-
mizer includes a DC/DC converting circuit 201, a current
sensor A, a voltage sensor V, a communication circuit
202, and a controller 203.
[0051] The DC/DC converting circuit 201 is configured
to control output power of the connected photovoltaic
module.
[0052] The current sensor A is configured to detect an
output current of the photovoltaic module.
[0053] The voltage sensor V is configured to detect an
output voltage of the photovoltaic module.
[0054] The communication circuit 202 is configured to
receive and forward an IV curve scan signal.
[0055] The controller 203 is configured to receive the
IV curve scan signal forwarded by the communication
circuit 202, control the output voltage of the photovoltaic
module corresponding to the IV curve scan signal to
change from an open-circuit voltage to a preset minimum
voltage according to a preset rule to complete an IV curve
scan, and record IV curve data of the photovoltaic module
corresponding to the IV curve scan signal.
[0056] When the optimizer according to the present
embodiment controls a corresponding photovoltaic mod-
ule to perform the IV curve scan, a photovoltaic module
connected to another optimizer can still operate normally,
so that the system can operate normally. Different opti-
mizers can perform the IV curve scan on the respective
photovoltaic modules in response to the corresponding
IV curve scan signals, thereby solving the problem in the
conventional technologies that the operation status of a
photovoltaic module cannot be detected during the sys-
tem operation and an IV curve scan cannot be performed
on a single photovoltaic module.
[0057] Apparently, in a practical application, the pho-
tovoltaic system may be stopped operating and all opti-
mizers may be provided with IV curve scan signals, to
complete IV curve scans for all photovoltaic modules of
the entire photovoltaic system in a period of time.
[0058] In a practical application, the DC/DC converting
circuit 201 may be configured based on a specific appli-
cation environment, as long as the circuit has a voltage-
boosting function. For example, the DC/DC converting
circuit 201 may be configured as a Buck-Boost circuit
shown in Figure 5, which is only an example and is not
intended to limit the present disclosure. All DC/DC con-
verting circuits with the voltage-boosting function fall

within the protection scope of the present disclosure.
[0059] Preferably, as shown in Figure 6, a controller
(not shown in the figure) of an optimizer 101 is connected
to a terminal, sequentially via the inverter 102 and a data
collector. In some cases, for example, in a small photo-
voltaic system such as a household photovoltaic system,
the data collector may be removed and the inverter is
directly connected to the terminal for communication. The
connection is not limited herein and may be determined
based on an application environment, and all possible
connections fall within the protection scope of the present
disclosure.
[0060] Preferably, the controller communicates with
the inverter 102 according to a power line communication
(PLC) protocol.
[0061] Figure 6 shows a photovoltaic generation sys-
tem based on the optimizer. The optimizer 101 commu-
nicates with the inverter 102 for information exchange,
in a PLC communication mode.
[0062] At least one photovoltaic module is connected
to an input end of each optimizer 101, and output ends
of the optimizers 101 are connected in series and then
connected to the inverter 102. The optimizers 101 com-
municate with the inverter in the PLC communication
mode. An alternating-current side of the inverter 102 in-
puts power to a power grid, and inputs the collected IV
curve data of the photovoltaic modules to the data col-
lector via a 485 bus. Then, the data collector uploads the
data to the terminal via a network cable, for data process-
ing by a background.
[0063] Apparently, in a practical application, the com-
munication mode between the optimizer 101 and the out-
side may be changed. For example, a wireless commu-
nication technology such as Zigbee communication may
be adopted, in which case a wireless communication
gateway device should be added. Referring to Figure 7,
the controller (not shown in the figure) of the optimizer is
connected to the terminal via a gateway, based on a wire-
less communication technology. In some cases, for ex-
ample, in a case that the inverter and the power optimizer
are installed close to each other, the gateway function
may be integrated into the inverter. The arrangement of
the gateway is not limited herein and may be determined
based on an application environment, and all possible
arrangements fall within the protection scope of the
present disclosure.
[0064] Preferably, the controller communicates with
the gateway in accordance with the Zigbee protocol.
[0065] The photovoltaic generation system shown in
Figure 7 has the same power transmission path as the
system shown in Figure 6, while has a different data
transmission mode from the system shown in Figure 6.
In Figure 7, the optimizer 101 communicates with the
gateway in accordance with the Zigbee protocol. The op-
timizer 101 wirelessly transmits the IV curve data to the
gateway and the gateway uploads the data to the termi-
nal, for data processing by the background.
[0066] Preferably, a combiner box may be added be-
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tween the optimizer 101 and the inverter 102, and the
alternating current side of the inverter 102 may be con-
nected to a boost transformer and then connected to the
power grid, which may be determined based on an ap-
plication environment and is not limited herein.
[0067] Preferably, based on Figure 4, the controller
203 is further configured to compare the IV curve data
with feature data of a preset IV curve, determine whether
the IV curve data is abnormal, and upload an abnormity
signal via the communication circuit 202 if the IV curve
data is abnormal.
[0068] Alternatively, the communication circuit 202 is
further configured to upload the IV curve data.
[0069] Preferably, the communication circuit 202 is a
power line carrier communication circuit or a wireless
communication circuit.
[0070] In a practical application, in a case that the
Buck-Boost circuit shown in Figure 5 is adopted as the
DC/DC converting circuit 201, the current sensor A may
be arranged at a rear end of an inductor in the DC/DC
converting circuit 201, as shown in Figure 8. Apparently,
the current sensor may also be arranged at another po-
sition, such as A1 shown in Figure 8, for simplicity and
convenience of the detection circuit.
[0071] In this case, the current sensor A is configured
to detect a current of the inductor in the DC/DC converting
circuit 201, so that the controller 203 calculates the output
current of the photovoltaic module.
[0072] The controller 203 is further configured to cal-
culate the output current of the photovoltaic module
based on the current of the inductor and a duty ratio of
a switch transistor S1 between the inductor in the DC/DC
converting circuit 201 and the photovoltaic module.
[0073] For convenience in analysis, it is assumed that
the inductor is in a continuous current mode, the current
detected by the current sensor A is IL, the duty ratio of
the switch transistor S1 is D, and the switch transistor S3
is at a through mode. In this case, the output current of
the photovoltaic module is I=IL/D. Therefore, the output
current of the photovoltaic module can be obtained by
the controller 203 by measuring the current IL of the in-
ductor and recording the above duty ratio D.
[0074] In addition, the current sensor A may be further
arranged at a negative electrode of the DC/DC converting
circuit 201, as shown in Figure 9. In this case, the current
sensor A is configured to detect an output current of the
DC/DC converting circuit 201, so that the controller 203
calculates the output current of the photovoltaic module.
[0075] The optimizer further includes another voltage
sensor Vo configured to detect an output voltage of the
DC/DC converting circuit 201.
[0076] The controller 203 is further configured to cal-
culate power of the DC/DC converting circuit 201 based
on the output voltage and the output current of the DC/DC
converting circuit 201, and then calculate the output cur-
rent of the photovoltaic module based on the output volt-
age of the photovoltaic module in accordance with a pow-
er balance rule.

[0077] It should be noted that, the input end of the op-
timizer 101 is connected to at least one photovoltaic mod-
ule. That is, the input end of the optimizer 101 may be
connected to one or two or more photovoltaic modules.
[0078] In a case that the input end of the optimizer 101
is connected to only one photovoltaic module, the opti-
mizer further includes a first diode and a first auxiliary
power source, as shown in Figure 10.
[0079] An anode of the first diode D1 is connected to
a positive electrode of the photovoltaic module, and a
cathode of the first diode D1 is connected to a positive
electrode of an input end of the first auxiliary power
source.
[0080] A negative electrode of the input end of the first
auxiliary power source is connected to a negative elec-
trode of the photovoltaic module.
[0081] The first auxiliary power source is configured to
supply power to other circuits of the optimizer, such as
a drive circuit, the controller 203, the voltage sensor cir-
cuit and the current sensor circuit of the DC/DC convert-
ing circuit 201.
[0082] The output voltage Vpv of the photovoltaic mod-
ule decreases gradually when the optimizer performs an
IV curve scan task. The first diode D1 can prevent the
first auxiliary power source from losing power resulted
from that an input voltage Vsps of the first auxiliary power
source decreases excessively as the output voltage Vpv
of photovoltaic module decreases.
[0083] Additionally, in a case that a positive electrode
of an input end of the DC/DC converting circuit 201 is not
connected to a positive electrode of an output end of the
DC/DC converting circuit 201, and a negative electrode
of the input end of the DC/DC converting circuit 201 is
connected to a negative electrode of the output end of
the DC/DC converting circuit 201 (as shown in Figure 5),
the optimizer further includes a second diode D2, a third
diode D3, and a second auxiliary power source, as shown
in Figure 11.
[0084] An anode of the second diode D2 is connected
to a positive electrode of the photovoltaic module, an
anode of the third diode D3 is connected to the positive
electrode of the output end of the DC/DC converting cir-
cuit, and cathodes of the second diode D2 and the third
diode D3 are both connected to a positive electrode of
an input end of the second auxiliary power source.
[0085] A negative electrode of the input end of the sec-
ond auxiliary power source is connected to a negative
electrode of the photovoltaic module, and the second
auxiliary power source is configured to supply power to
the optimizer.
[0086] During the operation of the optimizer, the sec-
ond auxiliary power source is powered by a larger one
of the output voltage Vpv of the photovoltaic module and
the output voltage Vo of the DC/DC converting circuit
201. Therefore, when the optimizer performs the IV curve
scan, an input voltage Vsps of the second auxiliary power
source can still be maintained by the output voltage Vo
of the DC/DC converting circuit 201, even if the output
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voltage Vpv of the photovoltaic module is low. Therefore,
the second auxiliary power source can operates normally
instead of lowing power.
[0087] Alternatively, in a case that a negative electrode
of an input end of the DC/DC converting circuit 201 is not
connected to a negative electrode of an output end of
the DC/DC converting circuit 201 and a positive electrode
of the input end of the DC/DC converting circuit 201 is
connected to a positive electrode of the output end of the
DC/DC converting circuit 201, the optimizer further in-
cludes a fourth diode D4, a fifth diode D5 and a third
auxiliary power source, as shown in Figure 12.
[0088] A cathode of the fourth diode D4 is connected
to a negative electrode of the photovoltaic module, a cath-
ode of the fifth diode D5 is connected to the negative
electrode of the output end of the DC/DC converting cir-
cuit, and anodes of the fourth diode D4 and the fifth diode
D5 are both connected to a negative electrode of an input
end of the third auxiliary power source.
[0089] A positive electrode of the input end of the third
auxiliary power source is connected to a positive elec-
trode of the photovoltaic module, and the third auxiliary
power source is configured to supply power to the opti-
mizer.
[0090] Alternatively, in a case that a negative electrode
of an input end of the DC/DC converting circuit 201 is not
connected to a negative electrode of an output end of
the DC/DC converting circuit 201 and a positive electrode
of the input end of the DC/DC converting circuit 201 is
not connected to a positive electrode of the output end
of the DC/DC converting circuit 201, the optimizer further
includes a sixth diode D6, a seventh diode D7, an eighth
diode D8, a ninth diode D9 and a fourth auxiliary power
source, as shown in Figure 13.
[0091] An anode of the sixth diode D6 is connected to
a positive electrode of the photovoltaic module, an anode
of the seven diode D7 is connected to the positive elec-
trode of the output end of the DC/DC converting circuit,
and cathodes of the sixth diode D6 and the seventh diode
D7 are both connected to a positive electrode of an input
end of the fourth auxiliary power source.
[0092] A cathode of the eighth diode D8 is connected
to a negative electrode of the photovoltaic module, a cath-
ode of the ninth diode D9 is connected to the negative
electrode of the output end of the DC/DC converting cir-
cuit, and anodes of the eighth diode D8 and the ninth
diode D9 are both connected to a negative electrode of
the input end of the fourth auxiliary power source.
[0093] The fourth auxiliary power source is configured
to supply power to the optimizer.
[0094] Preferably, the optimizer may further include an
energy storage circuit.
[0095] Referring to Figure 14, which illustrates based
on Figure 10, the energy storage circuit is connected be-
tween the positive electrode and negative electrode of
the input end of the first auxiliary power source, and is
configured to supply power to the first auxiliary power
source during an IV curve scan performed by the opti-

mizer.
[0096] Similarly, the energy storage circuit may be add-
ed to the circuits shown in Figure 11, Figure 12 or Figure
13. The energy storage capacitor may be connected be-
tween the positive and negative electrodes of the input
end of the respective auxiliary power source of the circuit
shown in Figure 11, Figure 12 or Figure 13, and config-
ured to supply power to the auxiliary power source during
an IV curve scan performed by the optimizer.
[0097] In a practical application, the energy storage
circuit may include a capacitor, a super capacitor or a
battery. The energy storage circuit is not limited herein
and all possible energy storage circuits fall within the pro-
tection scope of the present disclosure.
[0098] To address the issue that the auxiliary power
source circuit in the system loses power during an IV
curve scan performed on a photovoltaic module, two pho-
tovoltaic modules may be connected to the input end of
the optimizer 101, as shown in Figure 15. In this case,
the auxiliary power source circuit can be powered by one
photovoltaic module while an IV curve scan is performed
on the other photovoltaic module.
[0099] Other operation principles are the same as the
aforementioned embodiments, and are not described in
detail hereinafter.
[0100] The embodiments of the present disclosure are
described in a progressive manner, and each embodi-
ment places emphasis on an aspect different from other
embodiments. Therefore, the embodiments may be re-
ferred one to another for the same or similar parts.
[0101] The above description of the embodiments
herein is for those skilled in the art to implement or use
the present disclosure. Numerous modifications to the
embodiments are apparent to those skilled in the art, and
the general principles defined herein can be implemented
in other embodiments without deviating from the spirit or
scope of the present disclosure. Therefore, the present
disclosure is not limited to the embodiments described
herein, but is to conform to the widest scope consistent
with the principles and novel features disclosed herein.

Claims

1. A current-voltage, IV, curve scan method for a pho-
tovoltaic module, applied in an optimizer in a photo-
voltaic generation system, wherein an input end of
the optimizer is connected to at least one photovolta-
ic module, output ends of a plurality of the optimizers
are connected in series with each other and then
connected to an inverter, the IV curve scan method
comprises:

receiving an IV curve scan signal;
controlling an output voltage of the photovoltaic
module corresponding to the IV curve scan sig-
nal to change from an open-circuit voltage to a
preset minimum voltage according to a preset
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rule, to complete an IV curve scan; and
recording IV curve data of the photovoltaic mod-
ule corresponding to the IV curve scan signal.

2. The IV curve scan method for the photovoltaic mod-
ule according to claim 1, after the recording the IV
curve data of the photovoltaic module corresponding
to the IV curve scan signal, further comprising:

comparing the IV curve data with feature data
of a preset IV curve, determining whether the IV
curve data is abnormal, and uploading an ab-
normity signal if the IV curve data is abnormal; or
uploading the IV curve data.

3. The IV curve scan method for the photovoltaic mod-
ule according to claim 1 or 2, wherein the preset rule
is at least one of a voltage decreasing rule with a
fixed voltage difference, a parabolic voltage de-
creasing rule and a voltage decreasing rule with a
fixed duty ratio change rate.

4. An optimizer, applied to a photovoltaic generation
system, wherein an input end of the optimizer is con-
nected to at least one photovoltaic module, output
ends of a plurality of the optimizers are connected
in series with each other and then connected to an
inverter, the optimizer comprises:

a direct current/direct current, DC/DC, convert-
ing circuit, configured to control output power of
the photovoltaic module connected to the opti-
mizer;
a current sensor, configured to perform a detec-
tion for acquiring an output current of the pho-
tovoltaic module;
a voltage sensor, configured to perform a detec-
tion for acquiring an output voltage of the pho-
tovoltaic module;
a communication circuit, configured to receive
and forward a current-voltage, IV, curve scan
signal; and
a controller, configured to receive the IV curve
scan signal forwarded by the communication cir-
cuit, control the output voltage of the photovolta-
ic module corresponding to the IV curve scan
signal to change from an open-circuit voltage to
a preset minimum voltage according to a preset
rule to complete an IV curve scan, and record
IV curve data of the photovoltaic module corre-
sponding to the IV curve scan signal.

5. The optimizer according to claim 4, wherein
the controller is further configured to compare the IV
curve data with feature data of a preset IV curve,
determine whether the IV curve data is abnormal,
and upload an abnormity signal via the communica-
tion circuit if the IV curve data is abnormal; or

the communication circuit is further configured to up-
load the IV curve data.

6. The optimizer according to claim 4, wherein the com-
munication circuit is a power line carrier communi-
cation circuit or a wireless communication circuit.

7. The optimizer according to claim 4, wherein
the current sensor is configured to detect a current
of an inductor in the DC/DC converting circuit; and
the controller is further configured to calculate the
output current of the photovoltaic module based on
the current of the inductor and a duty ratio of a switch
transistor between the inductor in the DC/DC con-
verting circuit and the photovoltaic module; or
the current sensor is configured to detect an output
current of the DC/DC converting circuit; the optimizer
further comprises another voltage sensor configured
to detect an output voltage of the DC/DC converting
circuit; and the controller is further configured to cal-
culate power of the DC/DC converting circuit based
on both the output voltage and the output current of
the DC/DC converting circuit, and calculate the out-
put current of the photovoltaic module based on the
output voltage of the photovoltaic module in accord-
ance with a power balance principle.

8. The optimizer according to any one of claims 4 to 7,
further comprising a first diode and a first auxiliary
power source, wherein
an anode of the first diode is connected to a positive
electrode of the photovoltaic module, a cathode of
the first diode is connected to a positive electrode of
an input end of the first auxiliary power source; and
a negative electrode of the input end of the first aux-
iliary power source is connected to a negative elec-
trode of the photovoltaic module, and the first auxil-
iary power source is configured to supply power to
the optimizer.

9. The optimizer according to any one of claims 4 to 7,
wherein,
in a case that a negative electrode of an input end
of the DC/DC converting circuit is connected to a
negative electrode of an output end of the DC/DC
converting circuit, and a positive electrode of the in-
put end of the DC/DC converting circuit is not con-
nected to a positive electrode of the output end of
the DC/DC converting circuit, the optimizer further
comprises a second diode, a third diode and a sec-
ond auxiliary power source, wherein

an anode of the second diode is connected to a
positive electrode of the photovoltaic module,
an anode of the third diode is connected to a
positive electrode of the output end of the
DC/DC converting circuit, and a cathode of the
second diode and a cathode of the third diode
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are both connected to a positive electrode of an
input end of the second auxiliary power source;
and
a negative electrode of the input end of the sec-
ond auxiliary power source is connected to a
negative electrode of the photovoltaic module,
and the second auxiliary power source is con-
figured to supply power to the optimizer;

in a case that the positive electrode of the input end
of the DC/DC converting circuit is connected to the
positive electrode of the output end of the DC/DC
converting circuit, and the negative electrode of the
input end of the DC/DC converting circuit is not con-
nected to the negative electrode of the output end
of the DC/DC converting circuit, the optimizer further
comprises a fourth diode, a fifth diode and a third
auxiliary power source, wherein

a cathode of the fourth diode is connected to a
negative electrode of the photovoltaic module,
a cathode of the fifth diode is connected to a
negative electrode of the output end of the
DC/DC converting circuit, and an anode of the
fourth diode and an anode of the fifth diode are
both connected to a negative electrode of an
input end of the third auxiliary power source; and
a positive electrode of the input end of the third
auxiliary power source is connected to a positive
electrode of the photovoltaic module, and the
third auxiliary power source is configured to sup-
ply power to the optimizer; and

in a case that the negative electrode of the input end
of the DC/DC converting circuit is not connected to
the negative electrode of the output end of the
DC/DC converting circuit and the positive electrode
of the input end of the DC/DC converting circuit is
not connected to the positive electrode of the output
end of the DC/DC converting circuit, the optimizer
further comprises a sixth diode, a seventh diode, an
eighth diode, a ninth diode and a fourth auxiliary pow-
er source, wherein

an anode of the sixth diode is connected to a
positive electrode of the photovoltaic module,
an anode of the seventh diode is connected to
the positive electrode of the output end of the
DC/DC converting circuit, and a cathode of the
sixth diode and a cathode of the seventh diode
are both connected to a positive electrode of an
input end of the fourth auxiliary power source;
a cathode of the eighth diode is connected to a
negative electrode of the photovoltaic module,
a cathode of the ninth diode is connected to the
negative electrode of the output end of the
DC/DC converting circuit, and an anode of the
eighth diode and an anode of the ninth diode are

both connected to a negative electrode of the
input end of the fourth auxiliary power source;
and
the fourth auxiliary power source is configured
to supply power to the optimizer.

10. The optimizer according to claim 8, further compris-
ing an energy storage circuit, wherein
the energy storage circuit is connected between the
positive electrode and the negative electrode of the
input end of the first auxiliary power source, and is
configured to supply power to the first auxiliary power
source during the IV curve scan performed by the
optimizer.
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